DNA methylation plays a critical role in early embryonic skin development by 19 controlling gene expression. Act as an indirect regulator, long non-coding RNA 20 (lncRNA) recruit DNA methyltransferases to specific genomic sites to methylate 21 DNA. However, the molecular regulation mechanisms underlying hair follicle 22 morphogenesis is unclear in cashmere goat. In this study, RNA-seq and 23 Whole-genome bisulfite sequencing (WGBS) in embryonic day 65 (E65) and E120 24 skin tissues of cashmere goat were used to reveal this complex regulatory process.
Introduction 48
Hair is a primary characteristic of mammals, and exerts a wide range of functions 49 including thermoregulation, physical protection, sensory activity, and social WGBS was performed as previously described remaining reads that passed all the filtering steps was counted as clean reads and 241 all subsequent analyses were based on this. 243 For reads mapping to the reference genome, Bismark software (version 0.16.3) 244 (Krueger and Andrews, 2011)was used to perform alignments of bisulfite-treated 245 reads to reference genome (-X 700 --dovetail). The reference genome was firstly 246 transformed into bisulfite-converted version (C-to-T and G-to-A converted) and then 247 indexed using bowtie 2 (Langmead and Salzberg, 2012) . Sequence reads were 248 also transformed into fully bisulfite-converted versions (C-to-T and G-to-A converted) 249 before they were aligned to similarly converted versions of the genome in a 250 directional manner. Sequence reads that produce a unique best alignment from the To identify the methylation site, we modeled the sum Mc of methylated counts as a 262 binomial (Bin) random variable with methylation rate: 263 mC~Bln (mC + umC * r).
242

Date analysis, identification of DMRs and functional enrichment analysis
265
In order to calculate the methylation level of the sequence, we divided the sequence Table S1 . We used hot start DNA polymerase (Zymo Taq TM Premix, Zymo quantifying these reads to compute differentially expressed genes between E65 332 and E120 stages.
334
Through comparing the RNA-seq data between E 65 and E 120, a total of 3,666 2008) ( Fig. S1 ). To confirm the expression pattern of the DEGs, we randomly 346 selected 4 genes (Vcan, Fn1, Tgfbi, Sox9) to validate their expression patterns 347 using qRT-PCR (Fig. 3a) . The results were in accordance with the RNA-seq data, 348 suggesting that the expression patterns based on RNA-seq data were reliable. 349 We revealed that a number of keratin and keratin-associated protein genes were expressed at E 65 of cashmere goat (FPKM >0.5) ( Fig. S3 ), which indicated that 368 these genes may play important roles in hair induction. To further validate the 369 specificity of these genes, we performed IHC validation. The result showed that 370 Edar, Bmp2 and Fgf20 specifically expressed in Pc, while Bmp4 specifically 371 expressed in DC ( Fig. 4a-d ), which suggested that these genes could be the 372 markers for Pc and DC in cashmere goat. Hence, in our study, we detected the expression of β-catenin using IF to reflect the 381 activated Wnt signal. The result revealed that β-catenin was expressed in epidermal 382 hair follicle placode ( Fig. 5a ), suggesting Wnt signal is activated in epidermal cells 383 during hair induction. Consistent with that, Fzd10, the receptor of Wnt ligands, was 384 also expressed in epidermal hair follicle placode (Fig. 5c) staining and was enriched in the early developing hair follicle placode rather than 390 dermal cells (Fig. 5b) . The result suggested that the Wnt signal in hair placode was 391 activated under the control of Wnt ligand from hair placode. At E 120, Wls and 392 β-catenin were expressed in outer root sheath, matrix and hair shaft ( Fig. 5d-e ) 393 which was in accordance with previous studies in mice (Millar et al., 1999) , anti-sense lncRNAs were identified ( Fig. 6a and b) . Compared with protein coding 406 transcripts, lncRNA showed shorter ORF length, transcript length and less exon 407 number (Fig. 6c) .
409
Using edgeR, the differentially expressed lncRNAs (Fold Change ≥2 and P-adjust results were in accordance with the RNA-seq data and showed that lnc_000374 420 and lnc_002056 specifically expressed at E 120 ( Fig. 7) , suggesting that the 421 expression patterns based on RNA-seq data were reliable.
423
To investigate the function of lncRNAs, the potential targets of lncRNAs in cis and 424 trans were predicted. For the cis action of lncRNAs, we searched for protein-coding 
Genome DNA methylation of hair induction and differentiation during
433 morphogenesis 434 We found the differential genes between E 65 and E 120, which indicated that hair 435 morphogenesis is the consequence of the spatial and temporal expression of genes.
As known, DNA methylation plays a critical role in those genes' expression (Suzuki 437 and Bird, 2008). However, the regulation mechanism of DNA methylation during 438 hair morphogenesis remains unknown in cashmere goat. Therefore, we detected 439 the DNA methylation at E 65 and E 120 (n=3) skin tissues using WGBS. A total of 440 195.37 G and 187.09 G raw data were generated for the E 65 and E 120 groups, 441 respectively. higher CG methylation status in all regions (Fig. 8) , which indicated that 459 demethylation took place in E 120 (hair follicle differentiation stage) to ensure the 460 cell lineages. In accordance with that, qRT-PCR showed that Tet3, which 461 intermediates in the process of DNA demethylation as DNA hydroxylases, was 462 expressed higher in E 120 compared with E 65 (Fig. S5 ). Meanwhile, a marked 463 hypo-methylation was observed in the regions surrounding transcription start site 464 corresponding with the previous studies (Jones, 2012) .
466
To identify genomic regions with different levels of methylation between the E 65 467 and E 120 stages, methylated residues were examined by analyzing sliding were annotated using the ARS1 assembly. The analysis revealed a total of 3371 472 genes that were determined to be differentially methylated genes (DMGs) (Fig. 9a) . 473 To obtain a better mechanistic understanding on the gene regulatory networks 474 controlled by DNA methylation that may be responsible for functional differences 475 during hair induction and differentiation. KEGG analysis revealed that the DMGs 476 were enriched in TGF-β and Focal adhesion signaling pathways (Fig. 9b) . These 480 To determine the relationship between DNA methylation and gene expression, the 481 integrated analysis of WGBS and RNA-seq data was performed. As a result, we 482 detected 547 hypo-methylation genes with higher expression in E 120 while 282 483 hyper-methylation genes with lower expression in E 120 compared with E 65 484 (Additional file 3) (Fig. 10) . In order to verify the relationship between DNA Table S1 : Primer list for qRT-PCR, 
Integrated analysis of WGBS and mRNA-seq data
